



' X-812-67-338 , i .
-A 
/ 1  
"f 
' \  -\_. I 1 ,  
\POLAR ,MAGNETIiC DISTURBANCES I \ 
/ I AND THE \ 
I \ INTERPLANETARY MAGNETIC FIELD 
/ 
CFSTI PRICE(S) $ E d 7  (PAGES) (CODE) c 
< - -  
, I  
Hard copy (HC) J e  b-0 [ t  . ,  
3 0  
(CATEGORY) P A D  NUMBER) 
1 I 6  \ 
t 
Microfiche (MF) 





? - GODDARD SPACE FLIGHT CENTER 
\ GREENBELT, MARYLAND , 
https://ntrs.nasa.gov/search.jsp?R=19670022030 2020-03-24T01:38:13+00:00Z
POLAR MAGNETIC DISTURBANCES AM) THE 
INTERPLANETARY MAGNETIC FIELD 
D. H. Fairfield* 
l NASAIGoddard Space F 1 ight Center 
Greenbelt, Maryland U.S.A.  
July 1967 
*NAS-NASA Resident Research Associate at  Goddard Space Flight Center, 
Greenbelt, Maryland U , S . A .  
ABSTRACT 
IMP 2 magnetic f i e l d  measurements i n  t h e  magnetosheath and i n  
i n t e r p l a n e t a r y  space have been compared w i t h  po la r  magnetic dis turbances.  
Ground d i s tu rbance  on a 2.5 minute time s c a l e  i s  represented by t h e  
u n i v e r s a l  time index AE prepared from t h e  d i g i t i z e d  magnetograms 
of s i x  a u r o r a l  zone obse rva to r i e s .  The AE index i s  compared t o  t h e  
s a t e l l i t e  f i e l d  measurements f o r  i n t e r v a l s  t o t a l i n g  more than 600 
hours i n  October and November 1964. I n v e s t i g a t i o n  of t he  magnetosheath 
o r  i n t e r p l a n e t a r y  d i r e c t i o n s  d i s t r i b u t i o n s  when ground condi t ions 
are q u i e t  o r  d i s tu rbed  shows t h a t  southward f i e l d s  a r e  a s soc ia t ed  
w i t h  d i s tu rbed  condi t ions and northward f i e l d s  wi th  q u i e t  t i m e s .  
Large d i s tu rbances  are found t o  correspond almost exc lus ive ly  t o  
southward f i e l d s  and e s p e c i a l l y  t o  l a rge  southward f i e l d s .  The 
r e s u l t s  i n d i c a t e  t h e  importance of the magnetic f i e l d  i n  t h e  coupling 
mechanism which allows s o l a r  wind plasma energy t o  be converted i n t o  
energy a s soc ia t ed  with the  ionospheric c u r r e n t s  of t h e  a u r o r a l  
e l e c t r o j e t .  
i n t e r p l a n e t a r y  f i e l d  l i n e s  connect t o  geomagnetic f i e l d  l i n e s  
producing plasma flow i n  and around the magnetosphere which d r i v e s  
t h e  high l a t i t u d e  cu r ren t s .  
The r e s u l t s  support  t h e  reconnection f i e l d  model where 
I n t r o d u c t i o n  
Numerous s t u d i e s  coinparing s a t e l l i t e  and ground measurements have 
been made i n  an e f f o r t  t o  understand t h e  mechanisms by which the  s o l a r  
wind produces geomagnetic dis turbance and r e l a t e d  e f f e c t s .  The s o l a r  
wind plasma contains  almost a l l  of t h e  energy which must be used i n  
d r i v i n g  t h e  c u r r e n t s  which produce geomagnetic a c t i v i t y  and indeed 
s o l a r  wind v e l o c i t y  has been found t o  c o r r e l a t e  w i th  geomagnetic 
a c t i v i t y  as measured by t h e  K index (Snyder e t .  a l . ,  1963). The 
s t r e n g t h  of t he  i n t e r p l a n e t a r y  f i e l d  has a l s o  been found t o  c o r r e l a t e  
w i t h  Kp (Wilcox, e t .  a l . ,  1967; Schatten and Wilcox, 1967) and t h e  
d i r e c t i o n  of t he  f i e l d  has been shown t o  be important ( F a i r f i e l d  and 
C a h i l l ,  1966; Wilcox, e t .  a l . ,  1967; Z e l w e r ,  e t  a l . ,  1967; Rostoker 
and Fslthammar, 1967). 
P 
The purpose of t h i s  paper i s  t o  use a l a r g e  amount of IMP 2 d a t a  
t o  f u r t h e r  i n v e s t i g a t e  t h e  r o l e  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  
i n  producing high l a t i t u d e  geomagnetic dis turbance.  
ground a c t i v i t y  i s  used which permits q u a n t i t a t i v e ,  high t i m e  r e s o l u t i o n  
s t u d i e s  he re to fo re  impossible w i t h  t h e  K index o r  o r i g i n a l  magnetograms. 
The a n a l y s i s  confirms the  ear l ier  r e s u l t s  which indicated t h e  importance 
of bo th  f i e l d  magnitude and t h e  north-south component of t h e  i n t e r p l a n e t a r y  
f i e l d  i n  producing dis turbance.  The r e l a t i v e  importance of f i e l d  
s t r e n g t h  and d i r e c t i o n  is  emphasized. Resu l t s  are i n t e r p r e t e d  as 
support ing Dungey's reconnection model of  t h e  magnetosphere. 
A new index of 
P 
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S a t e l l i t e  and Ground Data 
The IMP 2 s a t e l l i t e  w a s  launched on October 4 ,  1964 wi th  an apogee 
of 15.9 
The o r b i t a l  per iod w a s  approximately 35 hours so t h a t  t he  spacec ra f t  
spent  up to  one day pe r  o r b i t  beyond t h e  magnetopause e a r l y  i n  i t s  
l i f e t i m e .  As t he  e a r t h  moved around t h e  sun t h e  o r b i t  moved toward 
the  dawn meridian i n  s o l a r  e c l i p t i c  coord ina tes  a t  t h e  r a t e  of lo p e r  
( e a r t h  r a d i i )  which i n i t i a l l y  w a s  near t h e  ear th-sun  l i n e .  
day wi th  the  r e s u l t  t h a t  t h e  s a t e l l i t e  p rogres s ive ly  spent  less t i m e  
o u t s i d e  t h e  expanding magnetopause. Data presented i n  t h i s  paper is 
from t h e  first 40 o r b i t s  when the  s a t e l l i t e  w a s  i n  t he  l o c a l  time 
region of 0800-1200. 
d a t a  and 345 hours of magnetosheath d a t a  were obtained.  
The IMP 2 magnetic f i e l d  experiment w a s  i d e n t i c a l  t o  t h a t  flown 
During t h i s  i n t e r v a l  over 325 hours of i n t e r p l a n e t a r y  
on IMP 1 one year  e a r l i e r  (Ness e t .  a l . ,  1964) .  The experiment 
cons is ted  of two monoaxial f luxgate  magnetometers which independently 
made vec tor  magnetic f i e l d  measurements as the  s a t e l l i t e  spun. The 
a n a l y s i s  techniques have been discussed previous ly  ( F a i r f i e l d  and 
Ness, 1967).and t h e  p o s s i b l e  e r r o r  l i m i t s  have been est imated as 
510% i n  magnitude and +8O i n  angle. 
every 20.5 seconds but  i n  the  work discussed he re ,  t he  averages over 
5.46 minute i n t e r v a l s  were used f o r  comparison wi th  ground magnetic 
d a t a  which were a v a i l a b l e  on a 2.5 minute time sca l e .  
Vector measurements were obtained 
Comparison of s a t e l l i t e  and ground magnetic d a t a  i n  t h e  p a s t  
has necess i t a t ed  use of e i t h e r  t h e  t h r e e  hour K ( o r  a ) indexes 
o r  o r i g i n a l  magnetograms. 
d e t a i l e d  study of t i m e  v a r i a t i o n s  such as bay events  o r  substorms 
P P 
Use of t h e  3 hour indexes prec ludes  t h e  
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which occur on time s c a l e s  t y p i c a l l y  of one o r  two hours. 
o t h e r  hand use of a r ep resen ta t ive  s e l e c t i o n  of o r i g i n a l  magnetograms 
is t ed ious ,  o f t e n  sub jec t ive ,  and incompatible wi th  a l a r g e  s c a l e  
q u a n t i t a t i v e  s t a t i s t i c a l  s tudy . 
On the  
A t h i r d  a l t e r n a t i v e  has been used i n  the  p re sen t  s tudy which 
overcomes t h e s e  disadvantages.  The AE ( a u r o r a l  e l e c t r o j e t )  index 
f i r s t  def ined  by Davis and Sugiura (1966) has been prepared f o r  t he  
l i f e t i m e  of IMP 2. P repa ra t ion  of t h i s  index involved the  use of  
2.5 minute d i g i t i z e d  H ( o r  X) magnetogram t r a c e s  from the  s i x  a r c t i c  
a u r o r a l  zone obse rva to r i e s  shown i n  Table 1. F i r s t  zero base l e v e l s  
were obtained a t  each s t a t i o n  by averaging t h e  d a i l y  averages on the  
s ix  q u i e t e s t  days i n  the  i n t e r v a l  October - December 1964. A f t e r  
t hese  zero  l e v e l s  a r e  subt rac ted  from t h e  d a t a  at each s t a t i o n ,  t he  
t r a c e s  from the  s i x  s t a t i o n s  a r e  superposed and the  magnitude of t he  
envelope of  t he  s i x  t r a c e s  i s  defined as the  AE index. 
The ra t iona le  behind t h i s  procedure i s  based upon the  wel l  known 
f a c t  t h a t  au ro ra l  zone observa tor ies  undergo a pronounced d i u r n a l  
v a r i a t i o n  i n  magnetic a c t i v i t y  wi th  a m a x i m u m  of p o s i t i v e  d i s tu rbance  
occurr ing  s h o r t l y  before  l o c a l  midnight and a m a x i m u m  i n  nega t ive  d i s -  
turbance occurr ing s h o r t l y  a f t e r  l oca l  midnight. 
envelope of t he  s i x  s t a t i o n s ,  t he  s t a t i o n s  loca ted  near  midnight w i l l  
be those most a p t  t o  con t r ibu te  t o  the index. 
longi tude  d i s t r i b u t i o n  of au ro ra l  zone s t a t i o n s  i s  used, t h i s  
procedure w i l l  e l imina te  the  l o c a l  time v a r i a t i o n  and y i e l d  an index 
which r ep resen t s  t h e  un ive r sa l  tine v a r i a t i o n s  of t he  au ro ra l  e l e c t r o j e t .  
The a u r o r a l  zone c u r r e n t s  c l o s e  p a r t l y  through l o w  l a t i t u d e s  so t h a t  
I n  tak ing  the  
Provided an adequate 
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t hese  cu r ren t s  s t rong ly  inf luence K Th i s  means AE i s  c l o s e l y  
r e l a t e d  t o  K (Davis and Sugiura 1966) t h e  main d i f f e r e n c e s  being 
t h e  t ime r e s o l u t i o n  and the  f a c t  t h a t  AE is a l i n e a r  index whereas 
K i s  quasi-logarithmic.  
P' 
P '  
P 
The s i x  s t a t i o n s  used i n  t h e  p re sen t  study do n o t  form an i d e a l  
d i s t r i b u t i o n  and t h i s  is  a l i m i t a t i o n  of  t h e  study. The s t a t i o n s  S i t k a  
and Meanook a r e  r e l a t i v e l y  c l o s e  t o  College and Church i l l ,  r e s p e c t i v e l y ,  
which are  nearer  the au ro ra l  zone, a d  thus S i t k a  and Meanook are 
r a t h e r  infrequent c o n t r i b u t e r s  t o  the  envelope except i n  rare cases  
when t h e  e l e c t r o j e t  moves f a r  south of i t s  normal p o s i t i o n .  The four  
remaining s t a t i o n s  are w e l l  d i s t r i b u t e d  i n  longi tude y e t  l a r g e  gaps 
s t i l l  e x i s t  over e a s t e r n  Canada, t h e  North A t l a n t i c ,  and t h e  Soviet  
Union. 
To check on t h e  remaining l o c a l  time dependence i n  the AE index, 
t h e  average va lues  of AE f o r  each hour of Universal  t i m e  were computed. 
R e s u l t s  showed almost a f a c t o r  of two d i f f e r e n c e  between d i f f e r e n t  
hours of UT, Although t h i s  could i n  p a r t  be due t o  a real UT dependence 
i n  geomagnetic a c t i v i t y ,  i t  is  more l i k e l y  t h a t  t h i s  i s  due t o  an 
inadequate longi tude d i s t r i b u t i o n  of s t a t i o n s .  It should be recognized 
i n  analyzing t h e  following r e s u l t s  t h a t  i nd iv idua l  AE magnitudes may 
be i n  e r r o r  ( re la t ive  t o  some unknown i d e a l  value) by something l i k e  
a f a c t o r  of two due t o  t h e  imperfect d i s t r i b u t i o n  of s t a t i o n s .  
PCM = ( ( x - Xo)2 
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R e s u l t s  
An example of t he  AE index and s imultaneously measured magnetic 
f i e l d s  i s  shown i n  f i g u r e  1. The top  t h r e e  t r a c e s  r ep resen t  t he  
f i e l d  magnitude F and s o l a r  e c l i p t i c  l a t i t u d e  and longi tude angles  
8 and 8 .  
begins  wi th  the  sa te l l i t e  outbound i n  t h e  magnetosheath and ends wi th  
t h e  s a t e l l i t e  inbound i n  the  magnetosheath. 
apogee r ep resen t s  i n t e r p l a n e t a r y  space wi th  shock cross ings  occurr ing 
a t  11:55 and 2045 hours UT. 
is  apparent  from 1400 t o  1500 hours. Since f i e l d  d i r e c t i o n s  tend t o  
be preserved as t h e  i n t e r p l a n e t a r y  f i e l d  i s  convected through the  
shock ( F a i r f i e l d  1967), f i e l d  d i r e c t i o n s  i n  the  magnetosheath and i n  
i n t e r p l a n e t a r y  space a r e  c lose ly  r e l a t e d  and both may be compared wi th  
AE. 
This  d a t a  i s  f o r  o r b i t  No. 2 3  on November 5-6, 1964 and it  
The low f i e l d  region near 
An add i t iona l  encounter w i th  the  magnetopause 
The f o u r t h  t r a c e  i n  f i g u r e  1 represents  t h e  supe rpos i t i on  of 
t h e  s i x  s t a t i o n s  whose envelope i s  defined as t h e  AE index. The i n t e r v a l  
from 0900 t o  1100 i s  t y p i c a l  of qu ie t  times and t h e  f a c t  t h a t  s ix  
t r a c e s  are near zero is  i n d i c a t i v e  of t h e  accuracy of t he  zero l e v e l s  
choosen f o r  t h e  var ious  s t a t i o n s .  Disturbed per iods  are apparent i n  
s e v e r a l  t r a c e s  although the  magnitudes a r e  d i f f e r e n t ,  due p r imar i ly  
t o  d i f f e r e n c e s  i n  the  longi tudes of t h e  s t a t i o n s .  The bottom traces 
rep resen t  t he  d is turbance  magnitudes a t  t h e  t h r e e  po la r  cap s t a t i o n s  
( s t a t i o n s  well nor th  of the au ro ra l  zone) Resolute  Bay, Mould Bay, 
and A l e r t .  These po la r  cap magnitudes are def ined  as 
? S  
i- ( Y - YJ-) 
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where Xo and Y are zero l e v e l s  obtained from t h e  s i x  q u i e t  days 
and X and Y are t h e  va lues  scaled every 2.5 minutes. These p o l a r  
cap magnitudes correspond c l o s e l y  t o  t h e  AE magnitudes s i n c e  t h e  
a u r o r a l  zone c u r r e n t s  c lose  over t h e  p o l a r  cap. Sometimes t h e  
p o l a r  cap magnitudes increase s l i g h t l y  be fo re  AE and correspond b e t t e r  
t o  t h e  in t e rp l ane ta ry  f i e l d  changes. The p o l a r  cap magnitude may be 
a b e t t e r  i n d i c a t o r  of high l a t i t u d e  geomagnetic a c t i v i t y  s i n c e  it is  
less l i k e l y  t o  be a f f ec t ed  by s p a c i a l  v a r i a t i o n s  which help produce 
t i m e  v a r i a t i o n s  i n  t h e  beginning t i m e  of d i s tu rbance  a t  a u r o r a l  zone 
s t a t i o n s .  
0 
Figure 1 i l l u s t r a t e s  how southward f i e l d s  (nega t ive  t h e t a s )  
correspond t o  d i s tu rbed  ground cond i t ions  as has been reported p rev ious ly  
( F a i r f i e l d  and C a h i l l ,  1963; Wilcox e t .  a l , . ,  1967; Rostoker and 
Fylthammar , 1967). 
approximately a t  11:05, 1430, 17:40 and 2300 are seen t o  correspond 
Four i n t e r v a l s  of southward f i e l d  beginning 
t o  increases  i n  t h e  AE index and p o l a r  cap magnitudes a t  approximately 
11:45, 14:40, 17:45 and 23:15. S i m i l a r l y  northward f i e l d s  tend t o  
decrease t h e  d i s t u r b x i c e  and correspond t o  q u i e t  t i m e s .  A phase 
l a g  between t h e  southward motion of t h e  f i e l d  and t h e  inc rease  i n  t h e  
dis turbance is apparent w i th  t h e  longer southward i n t e r v a l s  from 1100- 
1300 and 1800-2030 producing t h e  l a r g e  dis turbance.  
Using the  5.46 minute averages and t h e  AE index, t h e  IMP 2 d a t a  
w a s  analyzed i n  two ways. The f i r s t  approach w a s  t o  d e f i n e  d i s tu rbed  
and qu ie t  per iods according t o  t h e  ground observat ions and then determine 
t h e  corresponding sa te l l i t e  f i e l d  d i r ec t ions1  d i s t r i b u t i o n s  f o r  t hese  
i n t e r v a l s .  A second approach w a s  t o  t ake  c e r t a i n  s a t e l l i t e  f i e l d  
cond i t ions  and i n v e s t i g a t e  the  ground condi t ions a t  t h e  corresponding 
t i m e s .  I n  a l l  cases  each 5,46 minute s a t e l l i t e  f i e l d  measurement 
was a s soc ia t ed  wi th  the  average of the two ( o r  occas iona l ly  3) AE 
p o i n t s  occurr ing a f t e r  t h e  c e n t e r  of  the 5.46 minute s a t e l l i t e  
averaging i n t e r v a l .  
The f irst  approach where the s a t e l l i t e  d a t a  w a s  d ivided i n t o  
two groups according t o  ground conditions was accomplished by 
c a l c u l a t i n g  t h e  median AE value f o r  each o r b i t  f o r  t h e  i n t e r v a l  when 
t h e  satel l i te  was beyond t h e  magnetopause. S a t e l l i t e  f i e l d  measurements 
taken when AE w a s  above the median for  t he  o r b i t  were placed i n  one 
group and measurements made wi th  AE below the  median were placed i n  a 
second group. I n i t i a l l y  t h e  median values ranged from 1 7  gammas t o  
209 gammas, however, s i n c e  o r b i t s  with high medians would f o r c e  q u i t e  
d i s tu rbed  measurements i n t o  the  qu ie t  group, (and low medians fo rce  
q u i e t  measurements i n t o  t h e  dis turbed group) the medians were adjusted 
and va lues  g r e a t e r  than 100 gammas and less t h a n  30 gammas were 
a r b i t r a r i l y  se t  t o  t h e  values  100 and 30. Half t h e  o r b i t  medians were 
ad jus t ed  i n  t h i s  manner. 
The l a t i t u d e  d i s t r i b u t i o n s  of s a t e l l i t e  f i e l d  d i r e c t i o n s  is shown 
i n  f i g u r e  2 (magnetosheath) and 3 ( i n t e r p l a n e t a r y ) .  The d i s t a n c e  from 
t h e  o r i g i n  i n  each l a t i t u d e  s e c t i o n  ind ica t e s  t h e  r e l a t i v e  d e n s i t y  of  
f i e l d  occurrences i n  t h a t  l a t i t u d e  range wi th  t h e  do t t ed  c i r c l e  
des igna t ing  an i s o t r o p i c  d i s t r i b u t i o n .  F i e l d s  i n  s o l a r  magnetic 
coordinates  ( Z  along t h e  d i p o l e  axis, X i n  the  Z-ear th  sun l i n e  plane,  
and Y completing a right-handed orthogonal system) were used although 
a s i m i l a r  a n a l y s i s  i n  s o l a r  e c l i p t i c  coordinates  gave s i m i l a r  r e s u l t s .  
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The d i s t r i b u t i o n  i n  f i g u r e  2a shows a r e l a t i v e l y  i s o t r o p i c  
d i s t r i b u t i o n  (49% northward 51% southward) when a l l  magnetosheath 
measurements are used. When these  same measurements are divided i n t o  
t h e  two groups according t o  d i s tu rbed  and q u i e t  ground cond i t ions ,  two 
very d i f f e r e n t  d i s t r i b u t i o n s  are obtained.  When ground cond i t ions  
are dis turbed (Figure 2b) 67% of t h e  f i e l d s  are southward and 33% 
of t h e  f i e l d s  northward whereas f o r  q u i e t  cond i t ions  (F igu re  2c) t h e  
f i e l d s  are 60% northward and 40% southward. The f a c t  t h a t  t h e r e  are 
more po in t s  i n  the  q u i e t  group i s  a r e s u l t  of t h e  adjustment of t h e  
median values.  I n  f i g u r e  3 t h e  same p r e s e n t a t i o n  is  shown f o r  
i n t e rp l ane ta ry  f i e l d s .  Although the d i s t r i b u t i o n  of a l l  measurements 
i s  more northward, t h e  same tendency f o r  southward f i e l d s  t o  be 
associated w i t h  dis turbance (and northward f i e l d s  q u i e t  condi t ions)  i s  
apparent.  
The second approach used i n  comparing s a t e l l i t e  and ground magnetic 
d a t a  w a s  t o  s epa ra t e  t h e  ground d a t a  i n t o  groups depending on t h e  
i n t e r p l a n e t a r y  ( o r  magnetosheath) f i e l d s .  Figure 4 shows t h e  re la t ive  
number of ca ses  i n  each 1Oy range of  AE when t h e  magnetosheath f i e l d  
is southward ( s o l i d  l i n e )  o r  northward (dashed l i n e ) .  Although both 
curves have peaks near  20  gammas, the p r o b a b i l i t y  of  occurrence 
of an AE value between 0 and 20 y wi th  the  f i e l d  northward i s  twice 
what i t  is i f  the f i e l d  i s  southward. High AE va lues  on t h e  o t h e r  hand 
correspond almost exc lus ive ly  t o  southward values .  
This s a m e  d a t a  i s  presented i n  a d i f f e r e n t  form i n  f i g u r e  5. Here 
t h e  r e l a t i v e  number of cases  wi th  AE g r e a t e r  than the a b s c i s s a  value 
- 9 -  
of  AE i s  p l o t t e d  as t h e  o rd ina te .  This f i g u r e  shows t h a t  when t h e  
f i e l d  is southward, 28% of t h e  AE values are g r e a t e r  than l O O y  whereas 
when t h e  f i e l d  is northward only 12% of the cases have AE g r e a t e r  than 
l O O y .  This tendency f o r  high AE values t o  be associated almost 
exc lus ive ly  wi th  southward f i e l d s  confirms t h e  conclusion of F a i r f i e l d  
and C a h i l l  t h a t  southward f i e l d s  are necessary f o r  t h e  production of 
a bay. The f a c t  t h a t  a l a r g e  number of s m a l l  AE va lues  are a s soc ia t ed  
wi th  southward f i e l d s  i n  f i g u r e  4 a t  t h e  same t i m e  supports  t h e i r  
f u r t h e r  statement t h a t  a southaard f i e l d  does not necessa r i ly  produce 
a bay. 
conclusion. 
Rostoker and Filthammar (1967) have a l s o  come t o  t h i s  same 
Figure 6 r ep resen t s  an attempt to  s epa ra t e  out  t h e  r e l a t i v e  
importance of f i e l d  magnitude and d i r e c t i o n .  
when IMP 2 i s  i n  the  magnetosheath has been divided i n t o  four  groups 
depending on whether t h e  magnetosheath f i e  Id i s  northward, southward 
and g r e a t e r  than 1% o r  less than 1%. Previous work has indicated 
t h a t  both l a r g e  f i e l d s  and southward f i e l d s  are a s soc ia t ed  with 
d i s tu rbance  and indeed the  curve corresponding t o  t h i s  case i n  f i g u r e  6 i s  
a s soc ia t ed  wi th  t h e  l a r g e s t  disturbance. The opposi te  case of weak 
northward f i e l d s  and q u i e t  condi t ions i s  a l s o  confirmed by t h e  d o t t e d  
curve i n  f i g u r e  6 .  Contrast ing these two curves shows t h a t  with weak 
northward f i e l d s  hardly any AE values  l a r g e r  than 20Oy occur whereas 
wi th  s t rong  southward f i e l d s  over 20% of  t h e  cases have AF, g r e a t e r  
t han  20Oy. This  ind ica t e s  appreciable  s e n s i t i v i t y  of a u r o r a l  zone 
c u r r e n t s  t o  t h e  i n t e r p l a n e t a r y  magnetic f i e l d .  
A l l  t h e  AE d a t a  occurr ing 
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The two remaining curves f o r  t h e  c o n t r a d i c t o r y  cases  of l a r g e  
but  northward f i e l d s  and small but  southward f i e l d s  are nea r ly  similar. 
I n  t h i s  sense we can conclude t h a t  magnitude and d i r e c t i o n  are of  
nea r ly  equal importance i n  inf luenc ing  geomagnetic a c t i v i t y .  
Figure 7 again i l l u s t r a t e s  t h e  number of cases  of AE g r e a t e r  
than t h e  absc i s sa  f o r  t he  cases  when t h e  component of t he  magnetosheath 
f i e l d  perpendicular  t o  the  s o l a r  magnetic e q u a t o r i a l  p lane  is g r e a t e r  
than 9y and less than  -9y. 
provides  f u r t h e r  confirmation of t he  importance of f i e l d  d i r e c t i o n  and 
the  necess i ty  of a southward f i e l d  f o r  producing l a r g e  AE va lues .  
The extreme d i f f e r e n c e  of t hese  curves 
Although t h e  d a t a  i n  f i g u r e s  4-7 is  a l l  from the  magnetosheath, 
similar analyses  have been performed on t h e  i n t e r p l a n e t a r y  d a t a  
wi th  similar r e s u l t s .  This  i s  t o  be expected s i n c e  t h e  f i e l d  d i r e c t i o n  
tends t o  be preserved when the  i n t e r p l a n e t a r y  f i e l d s  a r e  convected 
through the  shock. ( F a i r f i e l d  1967). 
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Discussion and Conclusions 
The s o l a r  wind plasma i s  undoubtedly the  energy source f o r  t he  
ionosphere cu r ren t s  producing geomagnetic d i s tu rbance ,  ye t  t h e  r e s u l t s  of 
t h i s  paper show t h a t  t he  r e l a t i v e l y  low energy d e n s i t y  i n t e r p l a n e t a r y  
magnetic f i e l d  p l ays  an ino rd ina te ly  l a r g e  r o l e  i n  the  energy t r a n s f e r .  
Of t h e  t h e o r i e s  proposed t o  exp la in  geomagnetic a c t i v i t y ,  t h e  one 
b e s t  ab le  t o  exp la in  these  r e s u l t s  i s  t h a t  of Dungey (1961, 1963, 1967) 
and Petchek (1964). Thei r  b a s i c  idea i s  t h a t  a sou the r ly  d i r e c t e d  
i n t e r p l a n e t a r y  f i e l d  may become connected t o  t h e  gomagnetic f i e l d  
a t  a n e u t r a l  p o i n t  on the  sun ward s ide  of t he  magnetosphere. These 
connected i n t e r p l a n e t a r y  f i e l d  l i n e s  are then c a r r i e d  back i n t o  the  
magnetospheric t a i l  where the  in t e rp l ane ta ry  f i e l d  d isconnec ts  a t  
a n i g h t  s i d e  n e u t r a l  po in t .  The r e s u l t i n g  plasma flow is  toward t h e  
sun i n  t h e  magnetosphere and away from t h e  sun i n  t h e  magnetosheath 
and it  has a s soc ia t ed  wi th  it an e l e c t r i c  f i e l d  E = -V X B which d r i v e s  
t h e  ionospher ic  c u r r e n t s  which produce the  high l a t i t u d e  magnetic 
+ + +  
- 
C 
a c t i v i t y .  Northward d i r ec t ed  in t e rp l ane ta ry  f i e l d s  preclude reconnect ion,  
i n h i b i t  t h e  flow, thus  reducing t h e  e l e c t r i c  f i e l d  which i s  p o s s i b l e  
wi th  a southward e l e c t r i c  f i e l d .  
The r e s u l t s  of t h i s  paper show a d e f i n i t e  tendency f o r  d i s turbance  
t o  be assoc ia t ed  wi th  southward f i e l d s  and q u i e t  times wi th  
northward f i e l d s  i n  s p i t e  of s e v e r a l  f a c t o r s  which would tend t o  make 
t h e s e  r e s u l t s  l e s s  clear. One of t h e s e  f a c t o r s  i s  the  imperfect  na tu re  
of AE due t o  the  l imi ted  number of s t a t i o n s  and the  s p a c i a l  v a r i a t i o n s  
of t h e  cu r ren t  p a t t e r n s .  These spac ia l  v a r i a t i o n s  produce displacements 
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on the  magnetograms which are subsequently i n t e r p r e t e d  as un ive r sa l  
t i m e  v a r i a t i o n s  i n  AE. There is  a l s o  t h e  p o s s i b i l i t y  t h a t  a southward 
f i e l d  might be producing a dis turbance which i s  not  adequately r e f l e c t e d  
i n  the AE index. Perhaps a more important l i m i t a t i o n  concerns the  
e f f e c t  of a north-to-south d i r e c t i o n  change. 
and Cah i l l  (1966) and is  confirmed i n  scanning the  IMP 2 d a t a ,  t h e  
e f f e c t  of t h i s  north-south change is  t o  decrease t h e  l e v e l  of 
dis turbance,  but  over a t i m e  i n t e r v a l  of ha l f  an hour o r  more. This 
means t h a t  a northward f i e l d  may be a s soc ia t ed  w i t h  a l a r g e  (bu t  
decreasing) AE value.  Any similar phase l a g s  between changes of t h e  
i n t e r p l a n e t a r y  f i e l d  and response of t he  ground a c t i v i t y  would l ikewise 
tend t o  reduce t h e  c l a r i t y  of t h e  r e s u l t s  s i n c e  f i e l d  measurements 
were compared with e s s e n t i a l l y  simultaneous ground measurements. 
A s  was noted by F a i r f i e l d  
Although q u a n t i t a t i v e  c a l c u l a t i o n s  have not y e t  been performed 
regarding a t i m e  de l ay  between changes i n  the i n t e r p l a n e t a r y  f i e l d  
and response of t h e  ground a c t i v i t y  index, t h e  conclusions of F a i r f i e l d  
and Cah i l l  (1966) a r e  subs t an t i a t ed  by scanning t h e  IMP 2 d a t a .  A 
r e l a t i v e l y  infrequent  sudden north- to-south change i n  t h e  i d e r p l a n e t a r y  
f i e l d  inva r i ab le  produces an inc rease  i n  ground a c t i v i t y  w i t h i n  a 
few minutes a f t e r  t he  change is observed a t  t h e  spacec ra f t .  This  change 
i s  not  necessa r i ly  a l a r g e  change which would warrant t h e  t e r m  bay 
o r  substorm. Gradual north-south changes produce s i m i l a r  increases  
bu t  it is more d i f f i c u l t  t o  d i s c e r n  t i m e  de l ays  because of t h e i r  
gradual  nature .  A prolonged per iod of southward f i e l d  gene ra l ly  inc reases  
t h e  dis turbance l e v e l  and bays o r  substorms may occur. Since t h e  
southward f i e l d  component is only a necessary condi t ion f o r  producing 
- 1 3  - 
a bay t h e  r e s u l t s  do not appear t o  be i n c o n s i s t e n t  with the  ideas  
of Heppner, e t  a l .  (1967) who argue t h a t  sudden bay commencements 
may be p red ic t ed  s h o r t l y  i n  advance by observing auroras  and hence 
cannot be produced by an unpredictable  change i n  the incoming 
i n t e r p l a n e t a r y  medium. It appears possible  t h a t  a southward 
f i e l d  is necessary t o  c r e a t e  the condi t ions f o r  a bay ye t  some o t h e r  
process  i n  t h e  t a i l  (Alkinson, 1966) o r  t he  ionosphere (Heppner, e t .  
a1.,1967) produces t h e  a c t u a l  bay commencement. 
The r e s u l t  t h a t  s t rong  southward f i e l d s  a r e  most e f f i c i e n t  i n  
producing d i s tu rbance  i s  c o n s i s t e n t  with the  reconnection model s i n c e  
t h e  amount of  southward f l u x  carried up t o  t h e  magnetosphere i s  an 
important parameter. S i m i l a r l y ,  weak northward f i e l d s  correspond 
t o  a s m a l l  amount o f  f l u x  which i s  or iented i n  t h e  wrong d i r e c t i o n  f o r  
reconnection. The f a c t  t h a t  s t rong  northward f i e l d s  and weak southward 
f i e l d s  correspond t o  approximately equivalent dis turbance is  probably 
due mainly t o  t h e  t i m e  l ag  e f f e c t  described above. 
f i e l d s  and s t rong  southward f i e l d s  tend t o  occur on t h e  same days 
( t y p i c a l l y  r eve r s ing  on a t i m e  scale of hours) and the  time l ag  e f f e c t  
w i l l  b e  important a t  these t i m e s .  Strong f i e l d s  a l s o  occur during tines 
of high v e l o c i t y  and d e n s i t y  when other  mechanisms such as magnetospheric 
compression and wave generat ion may c o n t r i b u t e  t o  t h e  ground a c t i v i t y .  
The higher  AE values  associated with s t rong  northward f i e l d s  may 
be p a r t i a l l y  due t o  these  o t h e r  e f f e c t s .  
S t r m g  northward 
Although s o l a r  wind v e l o c i t y  is known t o  be important i n  producing 
d i s tu rbance  (Snyder, Neugebauer and Rao, 1963) i t  seldom v a r i e s  by 
more than a f a c t o r  of two which i s  x ia l l  compared t o  the  changes i n  t h e  
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magnetic f i e l d .  So la r  wind veloci ty-K s t u d i e s  on a 3 hour time s c a l e  
would tend t o  smooth out  t he  magnetic f i e l d  e f f e c t s  s i n c e  d i r e c t i o n  
changes over s h o r t e r  time s c a l e s  a r e  very  common. Undoubtedly t h e  
f i e l d  d i r e c t i o n s  e f f e c t s  a r e  r e spons ib l e  f o r  t h e  cons iderable  s c a t t e r  
i n  t h e  V v s .  CK p l o t  of Snyder, Neugebauer and Rao (1963). S ince  
appreciable  v e l o c i t y  changes occur on a time s c a l e  of days and magnetic 
f i e l d  d i r e c t i o n  changes t y p i c a l l y  on a time s c a l e  of hours ,  i t  i s  
a t t r a c t i v e  t o  p i c t u r e  the  v e l o c i t y  c o n t r o l l i n g  t h e  genera l  l e v e l  of 
a c t i v i t y  and the  magnetic f i e l d  producing an important modulating 
e f f e c t .  The use of medianvalues  i n  sepa ra t ing  q u i e t  and d i s tu rbed  
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FIGURE CAPTIONS 
Figure 1 IMP 2 magnetic f i e l d  d a t a  fo r  o r b i t  23 i n  s o l a r  e c l i p t i c  
Also shown a re  t h e  supe rpos i t i on  of traces coordinates .  
from s i x  s t a t i o n s  whose envelope is  defined as the AE index. 
The bottom traces are the magnitudes of t h e  po la r  cap 
dis turbance a t  t h r e e  s t a t i o n s .  Disturbed per iods on the 
ground correspond t o  periods of  southward f i e l d  (negat ive e) 
observed a t  t h e  spacec ra f t .  
The l a t i t u d e  d i s t r i b u t i o n  of magnetosheath f i e l d  d i r e c t i o n s  are shown 
f o r  a l l  measurements (a) and when ground condi t ions are 
d i s tu rbed  (b) and q u i e t  (c ) .  Disturbed condi t ions correspond 
t o  a predominantly southward d i s t r i b u t i o n  and q u i e t  condi t ions 
t o  a predominantly northward d i s t r i b u t i o n .  
Figure 2 
Figure 3 Same as f i g u r e  2 f o r  i n t e rp l ane ta ry  f i e l d s .  
Figure 4 Number of occurrences of AE i n  10 gamma ranges when t h e  f i e l d  
i s  northward (dashed l i ne )  and southward ( s o l i d  l i n e ) .  A 
high proport ion of low AE values occur when t h e  f i e l d  i s  
northward cornparedto the  number occurr ing when the f i e l d  i s  
southward. 
The o r d i n a t e  r ep resen t s  t h e  number of  cases with AE g r e a t e r  
than t h e  absc i s sa  when t h e  f i e l d  is negat ive (dashed l i n e )  
and p o s i t i v e  ( s o l i d  l i ne ) .  
than 3 0 9  are associated with southward f i e l d s .  
Figure 5 
V i r t u a l l y  a l l  AE va lues  g r e a t e r  
Figure 6 The number of cases  with AE g r e a t e r  than t h e  a b s c i s s a  f o r  four  
groups depending on d i r e c t i o n  and magnitude. 
d i s tu rbance  is  associated with l a r g e  southward f i e l d s  and t h e  
The g r e a t e s t  
most q u i e t  condi t ions wi th  weak northward f i e l d s .  
l a rge  northwardandweak southward f i e l d s  n e a r l y  correspond 
suggesting equal  importance of magnitude and d i r e c t i o n .  
Number of cases  wi th  AE g r e a t e r  than t h e  a b s c i s s a  when t h e  
component of t h e  magnetosheath f i e l d  perpendicular  t o  t h e  
s o l a r  magnetic e q u a t o r i a l  plane i s  g r e a t e r  t han  9y northward 
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